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Abstract
Background: Data on the clinical outcome after spinal fusion in the elderly patient are rare. To our knowledge
there has been no clinical outcome assessment for instrumented spinal fusion in elderly patients comparing
posterolateral fusion with intervertebral fusion. Aim of the current study was to evaluate the clinical outcome of
elderly patients who underwent a spinal fusion procedure for degenerative spinal stenosis with instability. Main
hypothesis was to test whether it is necessary to force an intervertebral fusion for a better clinical outcome in
spinal fusion surgery of the elderly or not.
Methods: Two subgroups - posterolateral fusion versus intervertebral fusion (cage vs. non-cage) were compared
with regard to functional outcome, fusion rates and complications after a mean follow up of 3.8 years.
Questionnaires were completed by the patients before surgery and at final follow-up. Changes in mean VAS and
ODI scores (decrease from the baseline VAS and ODI scores) were compared.
Results: The mean final follow up for all subjects was 3.8 years. Of the 114 patients, 2 patients were deceased at
the time of the follow-up, 5 patients didn’t want to participate and 107 patients completed the questionnaires.
This resulted in an overall follow-up rate of 93%. At final follow-up, the patients demonstrated significant
improvement in the VAS and ODI- compared with the preoperative scores in both groups. But overall there were
no significant differences between both groups regarding the outcome assessment using the ODI and VAS.
Conclusions: The results of this study shows that elderly patients aged over 75 benefit from instrumented lumbar
fusion. The study suggests that there is no need to force an intervertebral fusion because elderly patients do not
seem to benefit from this procedure.
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Background
As the population ages, the number of spinal fusions
performed in elderly patients is continuously increasing.
There is a historic conflict, however, concerning the
safety and efficacy of spinal surgery in the elderly [1-3].
Instrumented spinal fusion in elderly patients has been
problematized due to the risk of screw loosening and
comorbidity. But data on clinical outcomes after spinal
fusion in the elderly are rare. Limitations of most studies
include small study populations, evaluation of periopera-
tive complication rate, and radiographic assessment.
To our knowledge, previous studies have not assessed
clinical outcomes for instrumented spinal fusion in
elderly patients comparing posterolateral fusion with
intervertebral fusion (Cage versus non-cage).
Therefore, the aim of the current study was to evaluate
the clinical outcomes of elderly patients who underwent a
spinal fusion procedure for degenerative spinal stenosis
with degenerative scoliosis. Two subgroups - posterolat-
eral fusion versus intervertebral fusion (cage vs. non-cage)
were compared with regard to functional outcome, fusion
rate, and complications after a mean follow-up of 3.8
years. Main hypothesis was to test wether it is necessary to
force an intervertebral fusion for a better clinical outcome
in spinal fusion surgery of the elderly or not.
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Study Design
Charts and records of 114 patients who underwent spinal
fusion surgery between January 2005 and June 2008 were
reviewed. Inclusion criteria were age over 65, degenerative
spinal stenosis with instability, presence of a completed
questionnaire and surgery done by the author (S.E.). Follow
up was performed by the author (S.E.) and co-author (R.A.).
All patients underwent fusion with pedicle screws and
rod instrumentation (Tango RS, Fa. Ulrich, Germany)
without or with intervertebral cages (PLIF: porous titanium
cage, Fa. Aesculap, Germany) introduced by posterior lum-
bar interbody fusion. The bone graft for posterolateral
fusion according to Wiltse was a mix of Endobone
® and
autologous bone obtained from the decompression proce-
dure. Laminectomy, partial resection of the facet and a for-
aminotomy was performed in all patients because of severe
central (contrast-stop in functional myelography) and for-
aminal stenosis. The decision for the number of levels to
fuse was based on functional myelography (degree of spinal
stenosis and instability) as shown in Figure 1.
Postoperative management included early mobilization
with bracing for 12 weeks on the first postoperative day.
The patient population was divided into 2 subgroups
according to the type of fusion they underwent. Group 1
received instrumented posterior lumbar interbody fusion
(porous titanium cage without bone grafts). This group
included 54 patients [male/female: 36/18, mean age: 75.6
years (range, 66-78 years)]. Group 2 received a postero-
lateral lumbar fusion and included 60 patients [male/
female: 38/22, mean age: 80.5 years (range, 73-88 years)].
The average number of fused levels was 1.5 ± 0.6 in
group 1 (Range 1-4) and 1.8 ± 0.9 in group 2 (Range 1-5).
The review of anesthesia records for the patients showed
that 35 patients in group 1 were of ASA (American
Society of Anesthesiologists) class II and that 19 were of
A S Ac l a s sI I I .N i n e( 9 )p a t i e n t so fg r o u p2w e r eo fA S A
class I, 31 of ASA class II and 20 were of ASA class III.
See Table 1.
Outcome parameters
All patients who were still alive in July 2010 were called
for assessment for the study by the postgraduate (R.A.).
They were given the questionnaires including the
Oswestry Disability Index (ODI) and a visual analogue
scale (VAS) score to assess their functional outcome
and quality of life at final follow up. Changes in mean
VAS and ODI scores (decrease from the baseline VAS
and ODI scores) were compared.
Fusion was assessed at final follow up on plain antero-
posterior and lateral radiographs using the criteria sug-
gested by Christensen et al. [4]
In additional, surgical time, need for red cell transfu-
sions, and need for re-operation were documented.
Ethical board statement
Ethical board approval of the University of Münster,
Germany for the current study was given by the ethical
board. [AZ 2010-218-f-s].
Statistical Analysis
For an effect size of 0.5 in functional outcome with a =
0.05 and b = 0.80, calculations revealed that 53 patients
would be needed in each group. The changes in the
ODI and VAS were evaluated with use of the Wilcoxon-
Mann-Whitney test. Chi quadrat testing was done for
differentiation in fusion rate and complication.
Results
The average intraoperative blood loss was recorded as a
mean of 760 mL in group 1 (Range: 510 - 1100 mL) and
470 mL in group 2 (Range: 320 - 580 mL). Average time
of surgery was 2 h 23 min for group 1 and 1 h 28 min for
group 2. The need for transfusions (red cell units) in
group 1 was on average 1.88 (Range: 0-5) and in group 2
on average 0.35 (Range: 0-2).
The mean final follow up for all subjects was 3.8 years.
Of the 114 patients, 2 patients were deceased at the
time of the follow-up, 5 patients didn’tw a n tt op a r t i c i -
pate and 107 patients completed the questionnaires.
This resulted in an overall follow-up rate of 93%.
The mean hospital stay was 12.6 days in Group 1 and
13.1 days in Group 2. The complication rate was almost
the same in both groups. Revision surgeries were needed
in group 1 with 2 repeat decompressions, 1 screw mispla-
cement and 1 adjacent level disease. In group 2 there was
a revision surgery needed in 5 cases due to pseudarthrosis
mainly of L5/S1, 1 repeat decompression and 1 adjacent
level disease.
At final follow-up, the patients in both groups demon-
strated significant improvements in VAS and ODI-
scores as compared to preoperative scores.
Group 1: The mean VAS score was 8.4 before surgery,
and 5.0 at final follow up, showing 42% improvement.
The mean ODI score was 53.05 ± 11.47 before surgery,
and 38.59 ± 14.5., showing 29% improvement.
Group 2: The mean VAS score was 8.8 before surgery,
and 5.2 at final follow up, showing 45% improvement.
The mean ODI score was 53.43 ± 10.12 before surgery,
and 39.01 ± 14.02, showing 27% improvement.
Overall, there were no significant differences between
the two groups regarding outcome assessment using
ODI and VAS. A sub-group analysis of patients who
had complications wasn’t done.
Fusion rate was determined by plain radiographs evalu-
ated by the author (S.E.) and an independent radiologist.
The fusion rate was similar in both groups with 41 out of
54 patients in group 1 showing successful fusion and 46 of
the 60 subjects in group 2 showing successful fusion.
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correlation (at a significance level of 5%) between fusion
rate and complication rate comparing the different sur-
gical techniques (intervertebral fusion: X
2 = 0,0086; pos-
terolateral fusion: X
2 = 0,5914).
See Figure 2 and 3.
Discussion
The life expectancy of the general population continues
to increase and is expected to reach 86.6 for women
 
Figure 1 Exemplary pre- and postoperative X-Ray of a degenerative spinal stenosis and scoliosis.7 5y e a r so l df e m a l ep a t i e n tw i t h
degenerative spinal stenosis L2 to L4 and instability. Walking distance of 30 m.
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and older) population is about 4% and is predicted to
rise by 2050 to 12-13% [5].
In the past, and sometimes even today, advanced age
was considered a contraindication for elective spinal sur-
gery, so older patients were treated conservatively. How-
ever, conservative treatment can lead to increasing
physical pain and limitations in quality of life [6,7].
The surgical procedures vary from laminotomy or
wide central laminectomy alone to an anterior release
with posterior decompression and fusion with instru-
mentation. Because of advanced age, medical co-mor-
bidities lower bone density, and more spinal stiffness the
surgical risks and complications are higher. The main
objective of the surgical selection is to achieve the great-
est benefit with the least complex intervention.
Reviewing the literature, there are many studies deal-
ing with the clinical outcome after spinal fusion surgery
of the elderly [8-13].
But the literature reveals different opinions about fusion
surgery in the elderly, especially how to treat degenerative
spinal stenosis with concomitant instability. The question
of whether it is necessary to do an intervertebral fusion by
implanting a cage or a posterolateral fusion (deposition of
bone, bone substitutes) is sufficient remains controversial.
The literature shows that complication rates after sur-
gery of the lumbar spine in elderly patients vary from 8 to
80%, with further variation in the rate of minor complica-
tions that do not lead to prolongation of hospital stay
which usually account for more than half of the complica-
tions [2,8-10,14-18].
However, data on the clinical outcome after spinal
fusion in the elderly patient are rare. Existing studies
have either small numbers of patients, are focused on
the perioperative complication rate [1,15,17], or put
their emphasis on the radiologic outcome.
Therefore the aim of the current study was to evaluate
clinical outcomes of patients over 65 who underwent a
spinal fusion procedure for degenerative spinal stenosis
with concomitant instability. Two subgroups - posterolat-
eral fusion versus intervertebral fusion (cage vs. non-cage)
were compared with regard to functional outcome, fusion
rate and major complications after a mean follow up of
3.8 years.
Looking at the most recent literature the existing stu-
dies show that the assessment of success after spinal
Table 1 Detailed group information and postoperative
results
instrumented PLIF instrumented PLF
Number of patients 54 60
Sex (male/female) 36/18 38/22
Age 75.6 (66-78) 80.5 (73 - 88)
Operation time 143 min 88 min
Blood loss 760 ml (510 - 1100
ml)
470 ml (320 - 580
ml)
Transfusion red cell units 1.88 (0 - 5) 0.35 (0 - 2)
ASA classification
Class I 0 9
Class II 35 31
Class III 19 20
Number of levels fused 1.5 (1 - 4) 1.8 (1 - 5)
Degenerative spinal
stenosis
monosegmental 39 37
2 segments 6 7
3 segments 7 10
4 segments 2 3
5 segments 0 3
Length of hospital stay 12.6 13.1
Complications
Screw misplacement 1 0
Repeated decompression 2 1
Adjacent level disease 1 1
Pseudarthrosis 0 5
Fusion rate 41/54 46/60
Figure 2 Course of VAS.
Figure 3 Course of ODI.
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on the perioperative complication rate, with little atten-
tion directed toward improvement in function, quality
of life, patient satisfaction, or improvement in percep-
tions of pain and the need for medication.
O k u d ae ta lw e r et h ef i r s tt oa s s e s sal a r g en u m b e ro f
e l d e r l yp a t i e n t so nt h eb a s i so fh e a l t hs t a t u sq u e s t i o n -
naires after posterior lumbar interbody fusion, but they
compared patients with a mean age of 74 to patients with
a mean age of 59. They found no differences in the clini-
cal and functional outcomes between the two groups and
stated that posterior lumbar interbody fusion is a safe
and accurate procedure for geriatric patients [19].
Andersen et al reported that superior outcomes after
lumbar spinal fusion in elderly patients can be achieved
using instrumentation, but the aim of their study was to
compare instrumented and non-instrumented lumbar
spinal fusions performed using fresh frozen allograft in
patients older than 60 years with regard to functional
outcome and fusion rates. The outcome was better for
patients in which a solid fusion was obtained. However,
instrumentation was associated with a larger number of
additional surgeries, which resulted in a lesser degree of
improvement [11].
A study by Glassmann et al support the efficacy of
lumbar decompression and fusion in selected patients
over 65 years of age. In their retrospective evaluation
they had an improvement in SF-36 and ODI at a 2 year
follow up which is in line with our study results [12].
Another study by Becker et al investigated the clinical
outcome in elderly patients who underwent spinal fusion
with pedicle screws and rod instrumentation with or
without intervertebral cages introduced by posterior lum-
bar interbody fusion. They were able to demonstrate that
e elderly patients benefit from spinal fusion but they do
not distinguish between the two methods [13].
To our knowledge, there is no other study that com-
pares the clinical and functional outcomes after instru-
mented spinal surgery in the elderly with regard to
intervertebral fusion or posterolateral fusion.
Using the ODI and VAS, we found no differences
between the two subgroups (cage versus posterolateral
fusion) of elderly patients. Overall a significant improve-
ment in life quality was found at final follow up regard-
less the used fusion technique or whether a revision
procedure was done in the meantime. A subgroup analy-
sis of the patients who were in need of a revision surgery
was not done. But looking at the ODI and VAS they
don’t have obvious lower scores.
With regard to intraoperative blood loss, need for
transfusion of red cell units and surgical time, there was
a significant difference between the two subgroups that
showed superiority for the instrumented posterolateral
fusion group.
The present study has some limitations. The duration
of the follow-up was relatively short. The long-term
results of these surgical procedures are needed. The sec-
ond issue is that there is little information available
regarding fusion rates in elderly patients. The fusion rate
in the present study was evaluated indirectly as conven-
tional x-ray was used for follow-up. Owing to ethical
issues concerning high radiation, CT scans were not per-
formed. But whether osseous fusion rate correlates with
the clinical outcome remains a controversial issue. It was
demonstrated by Pfeiffer et al. that there is only a weak
correlation between intervertebral fusion and the clinical
outcome [20]. Additional no reported diagnostic techni-
que, including fine-cut CT scans, has shown a high level
of accuracy in predicting spinal fusion [21]. In contrast to
a study by Inamdar et al [22] who recommended PLF
over PLIF because of the simplicity of the procedure,
lower complication rate and good clinical and radiologi-
cal outcomes with a reported fusion rate of 100% in both
groups we observed a higher rate of pseudarthrosis in the
PLF group which made a revision surgery necessary and
may negatively affect the clinical outcome.
The third issue is the sagittal balance. Even if several
investigators have stressed the importance of maintaining
sagittal balance to avoid lumbar “flat back,” accelerated
adjacent segment degeneration, pain, and inferior func-
tional outcome only limited evidence exists on how sagit-
tal alignment affects clinical outcome [23,24]. But even the
use of intervertebral fusion devices with possibly improved
restoration of sagittal spinal balance will not have an effect
on clinical outcome as shown by the present study.
Explanation for this phenomenon is that in addition to
sagittal balance, clinical outcomes of instrumented lum-
bar fusion in patients with degenerative lumbar spine
disease are influenced by a variety of pathophysiologic
factors, including residual compression of the neural tis-
sues, recurrence of spinal canal stenosis, irreversible
changes to the nerve root, or cauda equina.
Conclusions
The results of this study show that elderly patients over
75 benefit from instrumented lumbar fusion. The study
further suggests that there is no need to advocate for an
intervertebral fusion because elderly patients do not
seem to benefit from this procedure. With regard to clin-
ical and functional outcomes, an instrumented postero-
lateral fusion is sufficient. Additionally, the intraoperative
blood loss, need for transfusions and surgical time are
clearly reduced for elderly patients receiving posterolat-
eral fusion.
Non-financial competing interests
- Are there any non-financial competing interests (politi-
cal, personal, religious, ideological, academic, intellectual,
Endres et al. BMC Musculoskeletal Disorders 2011, 12:189
http://www.biomedcentral.com/1471-2474/12/189
Page 5 of 6commercial or any other) to declare in relation to this
manuscript? If so, please specify.
No.
Acknowledgements
We want to thank BioMedEs for copyediting the manuscript.
Authors’ contributions
SE carried out the surgery, follow up and drafted the manuscript. RA has
done the assessment of the patients. AW helped revising the manuscript
and with statistics. All authors read and approved the final manuscript.
Competing interests
There was no involvement of a manufacturer in this study.
Financial competing interests
- In the past five years have you received reimbursements, fees, funding, or
salary from an organization that may in any way gain or lose financially from
the publication of this manuscript, either now or in the future? Is such an
organization financing this manuscript (including the article-processing
charge)? If so, please specify.
No.
- Do you hold any stocks or shares in an organization that may in any way
gain or lose financially from the publication of this manuscript, either now
or in the future? If so, please specify.
No.
- Do you hold or are you currently applying for any patents relating to the
content of the manuscript? Have you received reimbursements, fees,
funding, or salary from an organization that holds or has applied for patents
relating to the content of the manuscript? If so, please specify.
No.
- Do you have any other financial competing interests? If so, please specify.
No.
Received: 16 January 2011 Accepted: 18 August 2011
Published: 18 August 2011
References
1. Carreon LY, Puno RM, Dimar JR, Glassman SD, Johnson JR: Perioperative
complications of posterior lumbar decompression and arthrodesis in
older adults. J Bone Joint Surg (Am) 2003, 85:2089-92.
2. Raffo CS, Lauerman WC: Predicting morbidi- ty and mortality of lumbar
spine arthrodesis in patients in their ninth decade. Spine 2006, 31:99-103.
3. Kilincer C, Steinmetz MP, Sohn MJ, et al: Effects of age on the
perioperative characteristics and short term outcome of posterior
lumbar fusion surgery. J Neurosurg Spine 2005, 3:34-95.
4. Christensen F, Laursen M, Gelineck J, Eiskjaer SP, Thomsen K, Bunger CE:
Interobserver and intraobserver agreement of radiograph interpretation
with and without pedicle screw implants: the need for a detailed
classification system in posterolateral spinal fusion. Spine 2001, 26:538-44.
5. Bundesinstitut für Bevölkerungsforschung Fakten-Trend-Ursachen-
Erwartungen: Die wichtigsten Fragen: Schriftenreihe des Bundesinstituts
für Bevölkerungsforschung. Sonderheft 2004, 2, Aufl.
6. Bellach BM, Ellert U, Radoschewski M: Epidemiologie des Schmerzes -
Ergebnisse des Bundesgesundheitssurveys 1998. Bundesgesundheits- bl.
Gesundheitsforsch Gesundheitsschutz 2000, 43:424-431.
7. Guralnik JM, Ferrucci L, Simonsick EM: Lower extremity function in
persons over the age of 70 years as a predictor of subsequent disability.
N Engl J Med 1995, 332:556-561.
8. Sanderson PL, Wood PL: Surgery for lumbar spinal stenosis in old people.
J Bone Joint Surg [Br] 1993, 75:393-397.
9. Shabat S, Arinzon Z, Folman Y, Leitner J, David R, Pevzner E, Gepstein R,
Pekarsky I, Shuval I: Long- term outcome of decompressive surgery for
lumbar spinal stenosis in octogenarians. Eur Spin J 2007, 17.
10. Aebi M: The adult scoliosis. Eur Spine J 2005, 14(10):925-948.
11. Andersen T, Christensen FB, Niedermann B, Helmig P, Høy K, Hansen ES,
Bünger C: Impact of instrumentation in lumbar spinal fusion in elderly
patients: 71 patients followed for 2-7 years. Acta Orthop 2009,
80(4):445-50.
12. Glassman SD, Carreon LY, Dimar JR, Campbell MJ, Puno R, Johnson JR:
Clinical outcomes in older patients after posterolateral lumbar fusion.
Spine J 2007, 7:547-51.
13. Becker P, Bretschneider W, Tuschel A, Ogon M: Life quality after
instrumented lumbar fusion in the elderly. Spine 2010, , 35: 1478-1481.
14. Daubs MD, Lenke LG, Cheh G, et al: Adult spinal deformity surgery. Spine
2007, 32:2238-2244.
15. Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA: Morbidity and
mortality in association with operations on the lumbar spine. The
influence of age, diagnosis, and procedure. J Bone Joint Surg [Am] 1992,
74:536-543.
16. Gepstein R, Shabat S, Arinzon ZH, Berner Y, Catz A, Folman Y: Does obesity
affect the results of lumbar decompres- sive spinal surgery in the
elderly? Clin Orthop 2004, 426:138-144.
17. Ragab AA, Fye MA, Bohlman HH: Surgery of the lumbar spine for spinal
stenosis in 118 patients 70 years of age or older. Spine 2003, 28:348-353.
18. Rosen DS, O’Toole JE, Eichholz KM, Hrubes M, Huo D, Sandhu FA,
Fessler RG: Minimally invasive lumbar spinal decompression in the
elderly: outcomes of 50 patients aged 75 years and older. Neurosurgery
2007, 60:503-510.
19. Okuda S, Oda T, Miyauchi A: Surgical outcome of posterior lumbar
interbody fusion in elderly patients. J Bone Joint Surg Am 2006,
12:2714-20.
20. Pfeiffer M, Griss P, Haake M, Kienapfel H, Billion M: Standardized evaluation
of long-term results after anterior lumbar interbody fusion. Eur Spine J
1996, 5(5):299-307.
21. Carreon LY, Djurasovic M, Glassman SD, Sailer P: Diagnostic accuracy and
reliability of fine-cut CT scans with reconstructions to determine the
status of an instrumented posterolateral fusion with surgical exploration
as reference standard. Spine (Phila Pa 1976) 2007, 32(8):892-895.
22. Inamdar DN, Alagappan M, Shyam L, Devadoss S, Devadoss A: Posterior
lumbar interbody fusion versus intertransverse fusion in the treatment
of lumbar spondylolisthesis. J Orthop Surg (Hong Kong) 2006, 14(1):21-26.
23. Korovessis P, Repantis T, Papazisis Z, Iliopoulos P: Effect of sagittal spinal
balance, levels of posterior instrumentation, and length of follow-up on
low back pain in patients undergoing posterior decompression and
instrumented fusion for degenerative lumbar spine disease: a
multifactorial analysis. Spine (Phila Pa 1976) 2010, 35(8):898-905.
24. Videbaek TS, Bünger CE, Henriksen M, Egund N, Christensen FB: Sagittal
Spinal Balance After Lumbar Spinal Fusion: The Impact of Anterior
Column Support: Results From a Randomized Clinical Trial With an
Eight- to Thirteen-Year Radiographic Follow-up. Spine (Phila Pa 1976)
2010.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2474/12/189/prepub
doi:10.1186/1471-2474-12-189
Cite this article as: Endres et al.: Instrumented intervertebral or
posterolateral fusion in elderly patients Clinical results of a single
center. BMC Musculoskeletal Disorders 2011 12:189.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Endres et al. BMC Musculoskeletal Disorders 2011, 12:189
http://www.biomedcentral.com/1471-2474/12/189
Page 6 of 6